The solubilities of anthracene in binary and ternary mixtures of cyclohexanone + ethyl acetate, cyclohexanone + methanol, ethyl acetate + methanol, and cyclohexanone + ethyl acetate + methanol were reported at 298.2 K. The generated data were fitted to the Jouyban-Acree model, and the overall mean deviation was 5.1 %.
Introduction
Solubility data of polycyclic aromatic hydrocarbons (PAHs) have broad applications and great importance in the petroleum industry, such as the solvent selection for the reaction and separation processes. Also, some of the PAHs are known as carcinogenic agents; 1 thus, the data could be used to estimate environmental distribution and degradation of these compounds to follow up on these harmful chemicals. The solubility behavior of PAHs in a variety of solvent mixtures (e.g., binary and ternary mixtures) is very important because cosolvency is a common method to enhance the solubility and cosolvent blends are frequently used in purification methods. There is a significant lack of solubility data for most of the solutes; thus, efforts are devoted to represent a number of mathematical models for the solubility prediction of chemicals in multiple solvent mixtures, and a summary of the models was given in a recent paper. 2 Anthracene, a simple PAH as a model solute, is the subject of a number of solubility studies, and experimental solubility data of anthracene in binary and ternary solvent mixtures have been reported in alcohols, ethers, alkenes, esters, and aromatic compounds by Acree and co-workers. [3] [4] [5] [6] [7] [8] [9] The authors did not study the solubility of anthracene in solvent mixtures containing ketones, nor has the effect of interactions between ketone and alcohol and ester cosolvents been thoroughly investigated in regards to the solubility of a dissolved solute.
For solubility correlation or prediction in the solvent mixtures, one of the most accurate studied models is the Jouyban-Acree model. The Jouyban-Acree model is shown as
where C m Sat is the solute mole per liter solubility in the binary solvent mixtures; x 1 and x 2 are the mole fractions of solvents 1 and 2 in the absence of the solute; C 1 Sat and C 2 Sat denote the mole per liter solubility of the solute in neat solvents 1 and 2; and J i coefficients are the solvent-solvent and solute-solvent interaction terms. These constant terms could be calculated using a no-intercept least-squares regression of (ln C m Sat -
, and x 1 x 2 (x 1 -x 2 ) 2 using experimental solubility data in the binary solvent mixture. The trained version of the model is capable of predicting unmeasured solubilities in the same solvent systems. The model provided accurate results for solubility data of anthracene in various nonaqueous binary solvents, and there is no need to evaluate its fitness abilities. [3] [4] [5] [6] [7] 10 Equation 1 could be extended to calculate the solute solubility in ternary solvent mixtures as
where x 3 is the mole fraction of solvent 3, C 3 Sat denotes the mole per liter solubility of the solute in neat solvent 3, and J terms are model constants. Equation 2 is simplified to eq 1 when x 3 ) 0.
The aim of this work is to report the experimental solubility data of anthracene in a number of nonaqueous binary and ternary solvent mixtures at 298.2 K. The mixtures include cyclohexanone + ethyl acetate, cyclohexanone + methanol, ethyl acetate + methanol, and cyclohexanone + ethyl acetate + methanol. Another attempt in the present work is to provide the Jouyban-Acree model constants for representing the solubility of anthracene in mixed solvents of cyclohexanone + ethyl acetate + methanol.
Experimental Method
Materials. Anthracene (0.960 in mass fraction) was purchased from Fluka and was recrystallized several times from ethyl acetate and then from 2-propanone (Merck, Germany) to yield a purified sample having a melting point of 488 ( 0.2 K. Its purity was also checked by thin layer chromatography. 12 In addition, the measured solubilities in a number of monosolvents were compared with corresponding data from the literature. Cyclohexanone (0.990 in mass fraction), ethyl acetate (0.995 in mass fraction), and methanol (0.995 in mass fraction) were purchased from Merck (Germany).
Apparatus and Procedures. The binary and ternary solvent mixtures were prepared by mixing the appropriate volumes of the solvents, and then the mole fractions of the solvents were computed considering the densities of the neat solvents. The solvent composition is calculated with the uncertainty of 0.005 mole fraction. The solubility of anthracene was determined by equilibrating an excess amount of the solid with the binary and ternary solvent mixtures at 298.2 K using a shaker (Behdad, Tehran, Iran) placed in an incubator equipped with a temperature-controlling system with the uncertainty of 0.2 K (Nabziran, Tabriz, Iran). Attainment of the equilibrium was verified by solubility measurements at different time intervals and reached after 72 h. The solutions were filtered using hydrophobic Durapore filters (0.45 µm, Millipore, Ireland) and then diluted with 2-propanone, and the absorbance of these solutions were recorded at 356 nm using a UV-vis spectrophotometer (Beckman DU-650, Fullerton, USA). The preliminary investigation showed that filter did not absorb the solute through the filtration process. Concentrations of the dilute solutions were determined from a UV absorbance calibration graph (see Figure 1) with the molar extinction coefficients of anthracene ranging from 667
) for the anthracene concentrations ranging from (0.00035 to 0.0021) mol · L were measured using a 5 mL pycnometer with the uncertainty of 0.001 g · cm -3 . Computational Methods. The J i terms of the Jouyban-Acree model were computed using a no-intercept least-squares analysis. The model constants of eqs 1 and 2 along with the experimental solubility of anthracene in monosolvents were employed to calculate the solubilities. All calculated C m Sat solubilities were compared with the corresponding experimental values, and the mean deviation (MD) was calculated as an accuracy criterion by: (3) in which N is the number of data points in each set. Tables 1 and 2 list the experimental solubilities of anthracene, along with the back-calculated solubilities using eqs 1 and 2 and the densities of the respective saturated solutions. There were good agreements between the published 13 ) and methanol (0.006 mol · L -1 ) reported in this study. The solubility of anthracene in binary and ternary solvent mixtures was calculated using eqs 1 or 2. The calculated model constants and MD values were computed and listed in Table 3 in which the solubilities were calculated with a reasonable MD (5.1 %), and this finding is in agreement with previous results. [3] [4] [5] Literature Cited
Results and Discussion

